This manuscript describes the role of natural products in the process of drug discovery. In fact, several different natural compounds have been used as inspiration to develop new drugs. Some relevant examples are presented in chronological order.
INTRODUCTION
The role of natural products (NP) in the drug discovery process have been well established from several centuries. The possibility of finding new drugs and precursors from natural sources is one of the more commonly cited reasons for preserving biodiversity. many publications were dedicated to this subject, describing the relevance of the NP as source of different and original molecular scaffolds. Also, it is numerous the classes of NP from plants, microorganisms and from the sea. From this great structural variety of bioactive NP, the alkaloids class are very representative. It is possible to recognize in many molecular pattern of drugs, coming from several different classes of alkaloids (Kingston 2011).
medicinal Chemistry (medChem) as discipline have begun at Pasteur Institute in the first decade of 20 th Century, when Pierre Roux, its Director at that time, invited ernest Fourneau to start a lab, that he named laboratoire de Chimie Pharmaceutique, where Daniel Bovet worked, some years after 1911. The work of Fourneau and its prestigious coworkers, and the concepts coming from the seminal works of Fischer & ehrlich in Germany, both Nobel prize winners in the beginning of 20 th Century, gave the scientific basis of MedChem as discipline.
As defined by the Committee of MedChem of IUPAC, medicinal chemistry is a chemistrybased discipline concerned with the design, discovery, and synthesis of drugs (lima 2007).
This discipline combines expertise from chemistry and pharmacology to identify, chemical agents (i.e. small molecules) that has a therapeutic use and to evaluate the molecular properties of existing drugs.
It is a translational discipline concerning the drug discovery process. 
NATURAL PRODUCTS & MEDICINAL CHEMISTRY IN THE DRUG DISCOVERY
Coming from South America, curare is a common name for various plant extract alkaloid arrow poisons used by South American natives in hunting and fishing. (D)-Tubocurarine (1) was isolated as the active principle, in 1935, by harold King in london, working in Sir henry Dale's laboratory. Its chemical structure was studied by Daniel Bovet, a medicinal chemist working in Institute Pasteur in Paris, under direction of ernest Fourneau. Bovet identified the different pharmacophoric contribution in tubocurarine molecule. he was responsible for the understanding of the SAR of these compounds which furnished ganglionic blockers class of drugs, that inhibits transmission between preganglionic and postganglionic neurons in the autonomic nervous system, by acting as a nicotinic acetylcholine receptor (nAChR) antagonist.
let's consider a second South American molecule, represented by quinine (2). This alkaloid was isolated from Peruvian plant Cinchona officinalis, by Pelletier and Caventou in École de Pharmacie in Paris in the beginning of 19 th , motivated by its antimalarial properties, discovered by the Amerindians. Its structure was elucidated only in the next 20 th Century and its first synthesis was performed by Woodward and Doering, in 1944 (Woodward and Doering 1944) . From this natural scaffold, the quinoline core was the origin of synthetic quinoline and isosteres antimalarial compounds as mepacrine, primaquine and chloroquine, all described in the first half part of the 20 th Century.
The discovery of contraceptives -The Pill -also is very illustrative of the relevance of NP and medicinal chemistry. From diosgenin (3) (Kim and Park 2018) a phytosteroid sapogenin, the product of hydrolysis by acids, strong bases, or enzymes of saponins, extracted from the tubers of Dioscorea wild yam, such as the Kokoro. The sugar-free (aglycone) product of such hydrolysis, diosgenin obtained from mexican cactus Cabezade-Negro, was used for the commercial synthesis of progesterone, and other steroid products, by Russell Marker as natural building block to first obtain large amounts of synthetic progesterone (4), essential to undertanding the role of this biological compound in physiology of human reproduction. From this knowledge, some years after, in Syntex laboratories, Carl Djerassi and George Pincus discovered the birth controll pill. The first was norethisterone (5), synthesized by luis miramontes, a mexican chemist working at mexican Syntex company and at Universidad Autonoma in mexico City.
The discovery of the antihypertensive drug acting as angiotensin-converting enzyme (ACe) inhibitors, represented by the captopril (6), is also a representative example of the relevance of the collaboration between NP and medicinal Chemistry (medChem) to find new innovative drugs (Harvey, 2015) . The research effort of the group of Professor Rocha e Silva at University of São Paulo at Ribeirão Preto city, Brazil, working with the poison of Jararaca snake, in order to understanding the pharmacological basis of the tissue necrosis promoted by the serpent bite, conduct to discovery of bradykinin, a peptide comprising nine amino-acid residues that causes contraction of smooth muscle and dilation of blood vessels. This discovery has furnished the molecular basis to understanding of the renin-angiotensin system (RAS) to control of arterial pressure. The structure elucidation of peptide bradykinin was the initial inspiration to captopril, the first drug possessing a primary thiol functionality, developed by medicinal chemists at Squibb laboratories. In fact, the presence of the sulfur atom in this drug is critical to coordinate to the zinc metal present in the active site of the ACe. Captopril (6) was the first in class drug of ACe inhibitors followed by several me-too drugs.
Drug scaffolds of synthetic small molecules are commonly simple structures, without any chiral center. The chemotherapy of cancer gave us a different view (Demain and Vaishnav 2011) . In fact, many natural products with large chemical diversity are described as anticancer drugs. In fact, two drugs were identified by the same research team leader by Wall and Wani at Research Triangle Park laboratories in North Caroline USA from different plants (Kinghorn and Powell 2004) . Taxol Tm from Taxus brevifolia and the camptothecin (7) from Camptotheca acuminate (Wall and Wani 1996) .
Despite of chemical structural diversity both compounds have in common the used as parenteral administration, due the low oral bioavailability properties.
An enormous research effort has been done by academic and industrial laboratories in order to circumvent this drawback and hundred derivatives were synthesized from these natural products (Barreiro and Bolzani 2009) .
Camptothecin was isolated in 1963, as yellow crystals by monro Wall and mansukh Wani at Res Triangle Park, NC, USA. It is an alkaloid derived from the bark of Camptotheca acuminate (mukherjee et al. 2001) . In 1969, Wall and Wani isolated the 10-hydroxy-camptothecin that originated topotecan (8), a drug developed by GSK launched 1996 to control cancer .
epothilones were the first 16 members macrocycle approved for treatment of metastatic breast cancer (Shewach 2009 ). The lactone macrocyclic present in the structure of epothilone-A (9a) and B (9b), having only a methyl group as main structural difference between both natural compounds, introduce a chemical lability to these derivatives that was circumvented by medicinal chemists applying rational molecular modification strategy. Changing the lactone ring to a lactam one by interchange of the oxygen atom of the lactone ring by a nitrogen atom, rising the lactam system. Building blocks of drug-like molecules and drugs are of high interest in drug discovery. The statins were a remarkable example of success of the cooperative work between natural product and medicinal chemists. In 1975, endo described the structure of mevilonin (11), a terpene natural product isolated from Penicillium citrinum, a fungi strain studied at Sankyo laboratories, in Japan. The molecular similarity between the lactone core of this NP and mevalolactone, the natural substrate of hidroxymethylglutaryl Co-A reductase (hmGCo-AR), an important enzyme in the biosynthesis of cholesterol, give to endo the possibility to assay his compound as hmGCo-AR inhibitor. From this scaffold Patchett at merck company (Patchett, 1993) , designed lovastatin (12) (Brenner et al. 1992) the first commercial statin, precursor of simvastatin (13) (Cordell and Colvard 2012) the optimized molecule. Belonging to statin class is the top-1 worldwide sales drug, represented by atorvastatin (14) (Dias et al. 2016) from Pfizer, with US$ 150 billion of sales during the patent protection period.
As evidenced here mother nature produce very creative and original molecular scaffolds that usually presents new pharmacological mechanism of action for new innovative drugs.
Curiously ca. 80% of the core ring scaffolds present among natural products are surprisingly absent among commercially available chemical libraries. The main medicinal chemist role is domesticate natural product compounds, to produce a better therapeutic useful compounds. It´s worthy mention that still nowadays, the most common molecular scaffolds present in commercial drug are aromatic heterocycles core. In contrast, is very rare find alicyclic moieties in drug marketed structures.
At laboratório de Avaliação e Síntese de Substâncias Bioativas (LASSBio) of Universidade Federal do Rio de Janeiro (Brazil) it has been done a major research effort in order to explore abundant Brazilian natural products as structure building blocks to obtain more attractive bioactive compounds. For instance, it have been studied monocrotaline (14a), a pyrrolizidine alkaloid abundant in Crotalaria retusa, an invasive plant found at the UFRJ Campus at Rio de Janeiro City. From this NP was prepared the pheromone of Danaid butterfly. As a second great research effort have been done also the hemisynthesis of new prostaglandins analogues (16), from hidnocarpic acid (15), isolated from Carpoutroche brasiliensis (lopes,1982) . Another abundant alkaloid, spectaline (17), isolated from Cassia leptophylla was possible to prepared new acetylcholinesterase (AChe) inhibitors. Another NP largely employed by LASSBio in the synthesis of bioactive compounds from natural products, it have been used safrole (18), a natural allylbenzene product, occurring in the essential oil of Ocotea pretiosa, it have been synthesized many bioactive compounds, among them lASSBio-294 (19) (Barreiro, 2002) , a powerful cardioactive compound belonging to N-acylhydrazone class. Further, all preclinical studies were accomplished with lASSBio-294 and this compound represents a new cardioactive drug candidate with inotropic and vasodilator properties, acting by a new mechanism of action (moA).
FINAL REMARKS
In this brief report it was described from a personal point of view, the main aspects of the role of natural products chemistry in the discovery of new drugs. The relevance of the cooperative work between natural product and medicinal chemist has been emphasized to contribute for the discovery of the molecular pattern hidden in the biodiversity and their further application in drug discovery and development process.
